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Introduction

29
Dominant species have long been considered to be responsible for most ecosystem processes 30 (Grime 1998) . However, several studies indicate that the role of rare species in these processes metabolism by rare microbes may be a major contributor to other ecosystem functions such as 41 biological control. So far, the role of low-abundance microbial species in processes based on 42 secondary metabolism, such as symbiosis, resistance, iron acquisition or production of 43 antimicrobial compounds has hardly been addressed. 44 Suppression of disease caused by soil-borne pathogens is a wide-spread phenomenon 45 (Garbeva et al. 2011a ) that contributes worldwide to natural control of fungal diseases in crops. 46 Several bacterial species that produce antimicrobial secondary metabolites (Mendes et al. 2011) Hol et al. Species loss and antifungal volatiles 3 have been suggested to play a prominent role in disease suppression. Among the bacterial 48 secondary metabolites that inhibit plant-pathogenic fungi, increasing attention is being paid to 49 volatiles. It is estimated that one-third of all cultivable soil bacteria species are able to produce 50 antifungal volatiles (Effmert et al. 2012 ). Several of these volatiles have also been detected in the 51 belowground atmosphere (Zou et al. 2007 ). Microbial volatiles, due to their ability to travel 52 through air and water, can play two major roles in long-distance interactions in microbial 
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Production of volatiles is expected to be largely determined by the more abundant species, 63 as they are successful competitors that metabolize most of the available organic compounds. 64 However, the amount and composition of secondary metabolites produced by bacterial species is 65 affected by the identity of competing species (Garbeva et al. 2011b ) and species-rich bacterial 66 communities show more antagonistic interactions (Becker et al. 2012 ). Thus, high bacterial 67 diversity may trigger the production of a higher diversity of volatile compounds (Jousset et al. 68 2014). In addition, suppression of fungi by volatiles may be due to mixtures of compounds rather production, resulting in increased growth of fungal pathogens. Our definition of rarity is based on 72 local abundance in cultivated bacterial communities, and we consider the abundance of rare 73 species to be less than 1% of the total abundance in the least diluted community. 74 We examined the effect of soil bacterial species loss on the suppression of root pathogenic fungi 75 with a dilution-to-extinction series. Soil bacterial communities were diluted and cultivated on Dilution-to-extinction series have the advantage that diluted communities consist of naturally co-79 occurring species and generally cover a wider diversity range than most biodiversity-functioning 80 studies using community assembly. Therefore, by using the non-random species loss by dilution 81 method on a range of soils we were able to test how the loss of less abundant bacteria species 82 affects the production of antifungal volatiles and consequently fungal growth. Table A1 ). Soils were passed through a sieve (4 mm ø) and stored at 87 4˚C until further use. Part of the soil was dried at 40˚C for determining available nutrients. Plant 88 available phosphorus (Olsen P) and soil pH-H 2 O were measured as described by Troelstra et al. 
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Methods
84
Description of sampling sites
Dilution experiment with multiple pathogens
92
The effect of serial dilution of soil bacterial inocula from soil A (Appendix Table A1 ) pH 6.5 was mixed on a rotary shaker for 1.5 h, followed by 2 97 times 1 min sonification at 47kHz and shaking for 0.5 h again (Garbeva et al. 2014a ). Next, pathogenic fungi were introduced on agar-containing lids and fungi were thus exposed to 110 the volatiles produced by the bacteria but without direct contact between bacteria and pathogen. Three replicate suspensions were made for each of the 7 soils (Appendix Table A1 The collected 15 ml were divided as follows: 1 ml stored at -20˚C for DNA extraction, 1 ml at -125 80˚C as backup and the remaining 13 ml were freeze dried, weighed and the percentage carbon 
Dilution experiment including volatile-absorbing, activated coal
131
Three independent soil suspensions were made for each of the seven soils (Appendix Table A1 ) 132 and 10 -1 dilutions were plated out as described before. After 2 weeks incubation for the bacteria, 
Results
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An initial study showed that the hyphal growth of four pathogens was significantly 184 inhibited when exposed to volatiles produced by soil bacterial communities developing on 185 carbon-limited agar (Appendix Figure A2 ). Based on this study, F. oxysporum was selected to 186 investigate suppressing volatile production by different soil bacterial communities from seven 187 different soil origins (Appendix Table A1 ). All these communities produced volatiles that 188 reduced the growth of F. oxysporum (Figures 1 and A3) . The presence of volatile-absorbing 189 activated coal in the plates decreased inhibition of fungal growth by 50% (Appendix Figure A4) . 190 The inhibition of F. oxysporum by volatiles was also observed when the fungus was exposed to Table A1 ). Table A3 ). These low-abundance genera appear to play an Table A4 ). The candidate volatiles that might cause fungal suppression 233 differed between the two soil origins (Appendix Table A4 
